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APPARATUS AND METHOD FOR CALCULATING OFFSET VALUE FOR AN 

ELECTRIC SENSOR 



INCORPORATION BY REFERENCE 
[0001] The disclosure of Japanese Patent Application No. 2002-362226 filed on 
December 13, 2002 including the specification, drawings and abstract is incorporated 
herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] The invention relates to a technology for detecting current in a battery 
mounted on an electric vehicle or the like. More particularly, the invention relates to a 
technology for detecting charging/discharging current of a battery, which is used, for 
example, for calculating the remaining capacity of the battery. 

2. Description of the Related Art 

[0003] The remaining capacity of a secondary battery mounted on an electric 
vehicle or the like needs to be detected with high accuracy. For example, the remaining 
capacity is detected by accumulating charging/discharging current of the secondary battery. 
Therefore, in order to detect the remaining capacity of the secondary battery with high 
accuracy, it is necessary to detect charging/discharging current of the secondary battery 
with high accuracy. When current sensor for detecting charging/discharging current of 
the secondary battery is provided with an offset value, a detection error is caused by the 
amount corresponding to the offset value, and detection errors are accumulated. As a 
result, a large error is caused in the remaining capacity. 

[0004] The offset value for the current sensor mounted on the electric vehicle or the 
like fluctuates with time, which cannot be ignored. Due to the time fluctuation, an error, 
which cannot be ignored, is caused in the remaining capacity. As a result, there is a 
possibility that problems such as overcharging and overdischarging occur, and performance 
of the secondary battery deteriorates. As such a current sensor, a semiconducting 
magnetometric sensor capable of detecting current with high accuracy is generally used. 
An external magnetic field such as the earth magnetism, magnetic flux leaking from a 
motor, a relay, a transformer, or coil near the sensor acts on the semiconducting 
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magnetometric sensor provided near a conductor subject to detection. The offset value is 
generated due to the magnetic flux which acts on the semiconducting magnetometric 
sensor. The offset value fluctuates slightly due to movement of the vehicle. When 
charging/discharging current of the secondary battery are accumulated in order to detect 
the remaining capacity of the secondary battery, although the charging current and the 
discharging current cancel each other, the offset values are accumulated with time. 
Accordingly, the offset value gradually increases, and a large error is caused in the 
remaining capacity. 

[0005] Assuming the offset value is constant and does not fluctuate, it is necessary 
only to measure and store the offset value, and to subtract the offset value from the 
measured value of the charging/discharging current. With the electric vehicle, however, a 
magnetism source inside the vehicle and a magnetic state outside the vehicle fluctuate 
spatially and with time, which causes fluctuation in the offset value with time. Therefore, 
it is impossible to completely cancel the offset value using the stored offset value. Since 
the electric vehicle itself moves, it is difficult to avoid fluctuation in the offset value due to 
a change in the environment surrounding the current sensor. In order to solve the above- 
mentioned problem, Japanese Patent Laid-Open Publication No. 11-150873 discloses a 
control device for an electric vehicle, which can detect the capacity of a secondary battery 
for an electric vehicle with high accuracy. 

[0006] The control device for an electric vehicle disclosed in Japanese Patent Laid- 
Open Publication No. 11-150873 includes a running motor control circuit which is 
supplied with electric power from a secondary battery and in which an output from a 
running motor is controlled; a current detection circuit in which charging/discharging 
current of the secondary battery is detected; a remaining capacity calculation circuit in 
which the remaining capacity of the secondary battery is determined based on the detected 
discharging current; a secondary battery charging/discharging control circuit in which 
charging/discharging of the secondary battery is controlled based on the determined 
remaining capacity; a non-charging/discharging state detection circuit in which a 
predetermined non- charging/discharging state of the secondary battery is detected without 
using the current detection circuit; and an offset value detection storage circuit in which an 
output value of the current detection circuit is detected every time the non- 
charging/discharging state is detected and the detected output value is stored as an offset 
value for correcting charging/discharging current. 

[0007] According to the control device, the predetermined non- 
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charging/discharging state of the secondary battery is detected by a circuit other than the 
current detection circuit, and the offset value for a current sensor which detects discharging 
current of the secondary battery mounted on the electric vehicle is detected every time the 
predetermined non-charging/discharging state is detected. Accordingly, even when the 
offset value fluctuates with time due to spatial movement of the electric vehicle, a change 
of the current sensor with time, and the like, it is possible to detect charging current and 
discharging current of the secondary battery mounted on the electric vehicle with high 
accuracy. Therefore, it is possible to solve problems that the remaining capacity of the 
secondary battery is inaccurately estimated by accumulating errors in the offset value, 
which results in occurrence of overcharging or overdischarging of the secondary battery, or 
hindrance to effective use of the secondary battery. 

[0008] However, in the control device disclosed in Japanese Patent Laid-Open 
Publication No. 11-150873, the error in the offset value, which is caused due to a hysteresis 
characteristic of a core, is not taken into consideration. The hysteresis characteristic 
differs from core to core used in the current sensor. When the offset value is calculated 
without taking the hysteresis characteristic into consideration, the value includes an error 
due to the hysteresis characteristic. Accordingly, an accurate offset value cannot be 
calculated. 

SUMMARY OF THE INVENTION 

[0009] The invention is made in order to solve the above-mentioned problems. It 
is an object of the invention to provide an apparatus and method for calculating an offset 
value for an electric sensor, which can detect the current value with high accuracy by 
accurately calculating an offset value due to a hysteresis characteristic of a core under no 
load in a current sensor of a magnetic flux detection type. 

[0010] An apparatus for calculating an offset value for a current sensor, according 
to a first aspect of the invention, calculates an offset value for a current sensor of a 
magnetic flux detection type. The calculating apparatus includes a determining device 
which determines whether calculation of the offset value is permitted based on the current 
value detected by the current sensor; and a calculating device which calculates the current 
value detected by the current sensor as the offset value when calculation of the offset value 
is permitted by the determining device. The determining device makes a determination 
such that calculation of the offset value is permitted when the current value detected by the 
current sensor is switched from a positive value to a negative value, or from a negative 
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value to a positive value. 

[0011] According to the first aspect, in the current sensor of a magnetic flux 
detection type, a wire through which current subject to measurement flows is provided so 
as to penetrate the center of a core that is a small donut shaped magnetic material formed 
by mixing iron oxide or ferrite particles with an adhesive agent. The current sensor 
outputs the voltage value corresponding to the value of the current flowing through the 
wire, based on the magnetic flux generated in the core according to the value of the current 
flowing through the wire. As a characteristic of this core, a hysteresis characteristic is 
generated in the relationship between the current subject to measurement and the output 
voltage. The smaller the absolute value of the current value subject to measurement is, 
the smaller amount of the hysteresis characteristic is generated. Accordingly, when the 
current sensor is used for detecting charging/discharging current of the secondary battery, 
and also charging/discharging of the secondary battery is repeatedly performed, the smaller 
the absolute value of the charging/discharging current value subject to measurement is, the 
smaller the hysteresis area becomes. When the offset value is calculated, unless the effect 
of the hysteresis characteristic is eliminated as much as possible, the calculated offset value 
includes an error. Therefore, the determining device permits calculation of the offset 
value under no load when the current value detected by the current sensor is switched from 
a negative value to a positive value, or from a positive value to a negative value (i.e., when 
the battery state is switched from the charging state to the discharging state, or from the 
discharging state to the charging state), that is, when it is determined that the absolute 
value of the current value is small. The offset value thus calculated has high accuracy 
since the effect of the hysteresis characteristic is small. By taking the calculated offset 
value into consideration, it is possible to calculate a value close to the true current value 
based on the value actually measured by the current sensor. As a result, it is possible to 
detect the current value with high accuracy by accurately calculating the offset value due to 
the hysteresis characteristic of the core under no load. 

[0012] In the first aspect, a configuration may be employed in which the 
determining device makes a determination such that calculation of the offset value is 
permitted when the current value detected by the current sensor is switched from a 
negative value to a positive value or from a positive value to a negative value, and also the 
absolute value of the current value is within a predetermined range. 

[0013] According to the configuration, since there is only small effect of the 
hysteresis characteristic on the calculated offset value, it is possible to accurately calculate 



the offset value due to the hysteresis characteristic of the core under no load. As a result, 
it is possible to detect the current value with high accuracy. 

[0014] In the first aspect, a configuration may be employed in which the 
determining device makes a determination such that calculation of the offset value is 
permitted when the current value detected by the current sensor is switched from a 
negative value to a positive value or from a positive value to a negative value, and also the 
state where the absolute value of the current value is within the predetermined range is 
continued for a predetermined time. 

[0015] According to the configuration, since there is only small effect of the 
hysteresis characteristic on the calculated offset value, it is possible to accurately calculate 
the offset value due to the hysteresis characteristic of the core under no load. As a result, 
it is possible to detect the current value with high accuracy. 

[0016] One of the predetermined range and the predetermined time may be changed 
according to the change in the temperature. 

[0017] Since the hysteresis characteristic changes according to the temperature of 
the core, by changing the predetermined range and the predetermined time based on the 
temperature of the core, the temperature of the current sensor, the temperature of the 
secondary battery and the like, it is possible to calculate the offset value under no load with 
higher accuracy. As a result, it is possible to detect the current value with high accuracy. 

[0018] In the first aspect, a determining device for determining whether the current 
sensor is not being supplied with electric power may be further provided. When it is 
determined that the electric sensor is not being supplied with electric power by the 
determining device, and also calculation of the offset value is permitted by the determining 
device, the calculating device calculates the current value detected by the current sensor as 
the offset value. 

[0019] By calculating the current value detected by the current sensor as the offset 
value when the current sensor is not being supplied with electric power, it is possible to 
calculate a value close to the true current value based on the value actually measure by the 
current sensor by taking the offset value into consideration when the current sensor is 
being supplied with electric power and the load is actually connected. It may be 
determined that the current sensor is not being supplied with electric power when an 
ignition of the vehicle is turned OFF. 

[0020] In a method for calculating an offset value for a current sensor, according to 
a second embodiment of the invention, an offset value for a current sensor of a magnetic 
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flux detection type is calculated. The calculation method includes a determination step in 
which it is determined whether calculation of the offset value is permitted based on the 
current value detected by the current sensor; and a calculation step in which the current 
value detected by the current sensor is calculated as the offset value when calculation of 
the offset value is permitted in the determination step. In the determination step, it is 
determined that calculation of the offset value is permitted when the current value detected 
by the current sensor is switched from a negative value to a positive value, or from a 
positive value to a negative value. 

[0021] According to the second aspect, when the offset value is calculated, unless 
the effect of the hysteresis characteristic, which is generated in a core provided in the 
current sensor, is eliminated as much as possible, the calculated offset value includes an 
error. Therefore, in the determination step, calculation of the offset value under no load is 
permitted when the current value detected by the current sensor is switched from a 
negative value to a positive value, or from a positive value to a negative value, that is, it is 
determined that the absolute value of the current value is small. Since there is only small 
effect of the hysteresis characteristic on the offset value calculated in the above-mentioned 
manner, the accuracy is high. By taking the calculated offset value into consideration, it 
is possible to calculate a value close to the true current value based on the value actually 
measured by the current sensor. As a result, by accurately calculating the offset value due 
to the hysteresis characteristic of the core under no load, it is possible to detect the current 
value with high accuracy. 

[0022] Further, in the second aspect, in the determination step, determination may 
be made such that calculation of the offset value is permitted when the current value 
detected by the current sensor is switched from a negative value to a positive value or from 
a positive value to a negative value, and also the absolute value of the current value is 
within the predetermined range. 

[0023] Since there is only small effect of the hysteresis characteristic on the offset 
value calculated in the above-mentioned manner, the accuracy is high. As a result, by 
accurately calculating the offset value due to the hysteresis characteristic of the core under 
no load, it is possible to detect the current value with high accuracy. 

[0024] Further, in the second aspect, in the determination step, determination may 
be made such that calculation of the offset value is permitted when the current value 
detected by the current sensor is switched from a negative value to a positive value or from 
a positive value to a negative value, and also the state where the absolute value of the 
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current value is within the predetermined range is continued for the predetermined time. 

[0025] Since there is only small effect of the hysteresis characteristic on the offset 
value calculated in the above-mentioned manner, the accuracy is high. As a result, by 
accurately calculating the offset value due to the hysteresis characteristic of the core under 
no load, it is possible to detect the current value with high accuracy. 

[0026] In this case, either one of the predetermined range and the predetermined 
time may be changed according to the temperature. 

[0027] Since the hysteresis characteristic changes according to the temperature of 
the core, by changing the predetermined range and the predetermined time based on the 
temperature of the core, the temperature of the current sensor, the temperature of the 
secondary battery and the like, it is possible to calculate the offset value under no load with 
higher accuracy. As a result, it is possible to detect the current value with high accuracy. 

[0028] Also, in the second aspect, a determination step in which it is determined 
whether the current sensor is not being supplied with electric power may be further 
provided. When it is determined that the current sensor is not being supplied with electric 
power in the determination step, and also calculation of the offset value is permitted in the 
determination step, the current value detected by the current sensor is calculated as the 
offset value in the calculation step. 

[0029] By calculating the current value detected by the current sensor as the offset 
value when the current sensor is not being supplied with electric power, it is possible to 
calculate a value close to the true current value based on the value actually measure by the 
current sensor, by taking the offset value into consideration when the current sensor is 
being supplied with electric power and the load is actually connected. It may be 
determined that the current sensor is not being supplied with electric power when an 
ignition of the vehicle is turned OFF. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0030] The foregoing and further objects, features and advantages of the invention 
will become apparent from the following description of preferred embodiments with 
reference to the accompanying drawings, wherein like numerals are used to represent like 
elements and wherein: 

FIG. 1 is a control block diagram for a vehicle on which a battery ECU according to 
an embodiment of the invention is mounted; 

FIG 2 is a view showing the configuration of an ammeter; 
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FIG. 3 is a view (1) showing the hysteresis characteristic of a core; 

FIG. 4 is a view (2) showing the hysteresis characteristic of another core; 

FIG 5 is a view (3) showing the hysteresis characteristic of another core; 

FIG. 6 is a table which is stored in memory and which shows changes in constants 
according to the change in the temperature; 

FIG. 7 A and FIG. 7B are a flowchart showing the control structure for the program 
performed by the battery ECU according to the embodiment of the invention; and 

FIG 8 is a timing chart showing the operation in the battery ECU according to the 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0031] Hereafter, embodiments according to the invention will be described with 
reference to accompanying drawings. The same reference numerals are assigned to same 
components. The names and the functions of the components having the same reference 
numerals are also the same. Therefore, detailed description concerning the components 
having the same reference numerals will be made only one time, and will not be repeated. 

[0032] A description will be made concerning a calculating apparatus which is 
applied to a secondary battery, such as a nickel hydride battery, for supplying electric 
power to electrical components mounted on a vehicle, and which calculates the offset value 
of an ammeter for detecting charging current to the nickel hydride battery and discharging 
current from the nickel hydride battery. The battery to which the calculating apparatus 
according to the invention is applied is not limited to the nickel hydride battery. The 
calculating apparatus can be applied to various types of batteries such as a lead storage 
battery, a NiCd battery and a lithium ion battery. 

[0033] A description is made concerning a power unit for a vehicle including a 
battery ECU (electronic control unit) 200 which realizes the calculating apparatus 
according to the embodiment of the invention. As shown in FIG 1, the power unit for a 
vehicle includes a nickel hydride battery 100 and the battery ECU 200. A thermistor 110 
for measuring the temperature of the nickel hydride battery 100, and a voltmeter 130 for 
measuring the voltage in the nickel hydride battery 100 are attached to the nickel hydride 
battery 100. An ammeter 120 for measuring charging/discharging current is attached to 
an input/output cable which connects the nickel hydride battery 100 to a power cable of the 
vehicle. The battery ECU 200 includes an input/output interface 500 which is connected 
to an input signal wire extending from the thermistor 110, an input signal wire extending 
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from the ammeter 120, an input signal wire extending from the voltmeter 130, a battery- 
related warning output signal wire and an ignition switch ON signal wire; a CPU (central 
processing unit) 300 which controls the battery ECU 200; a clock 400; memory 600 which 
stores various data and flush memory 700. 

[0034] A power supply terminal of the nickel hydride battery 100 is connected to a 
vehicle buffer cable, and electric power is supplied to a running motor, auxiliary electronic 
components and the like in the vehicle. The temperature signal detected by the thermistor 
110 which measures the temperature of the nickel hydride battery 100 is transmitted to the 
CPU 300 through the input/output interface 500 of the battery ECU 200. The current 
value detected by the ammeter 120 which measures the charging current to the nickel 
hydride battery 100 and the discharging current from the nickel hydride battery 100 is 
transmitted to the CPU 300 through the input/output interface 500 of the battery ECU 200. 
The ammeter 120 is a current sensor of a magnetic flux detection type, and the CPU 300 
detects the accurate charging/discharging current value in consideration of the offset value 
calculated by the after-mentioned method. By accumulating the accurate 
charging/discharging current values thus detected, it is possible to accurately calculate the 
remaining capacity or the like of the nickel hydride battery 100. When the remaining 
capacity or the like of the nickel hydride battery 100 shows an abnormal value, the battery 
ECU switches the battery related abnormality output signal from "OFF" to "ON". 

[0035] The voltage value detected by the voltmeter 130 which measures the voltage 
in the nickel hydride battery 100 is transmitted to the CPU300 through the input/output 
interface 500 of the battery ECU 200. 

[0036] Inside the battery ECU 200, the input/output interface 500, the CPU 300, the 
clock 400, the memory 600 and the flash memory 700 are connected with each other 
through an internal bus 800, and can perform data communication each other. 

[0037] The configuration of the ammeter 120 shown in FIG. 1 will be described 
with reference to FIG. 2. As shown in FIG. 2, the ammeter 120 measures the value of the 
current which flows from the nickel hydride battery 100 to the vehicle power cable through 
the input/output cable. The ammeter 120 is a current sensor of a magnetic flux detection 
type, and has a core which is a small donut shaped magnetic material formed by mixing 
iron oxide or ferrite particles with an adhesive agent. A cable through which current 
subject to measurement flows is provided so as to penetrate through the center of the core. 
A hall element outputs a voltage based on the magnetic flux generated in the core 
according to the value of the charging/discharging current flowing through the cable. The 
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core has a hysteresis characteristic generated in the relationship between the current subject 
to measurement and the detected current. 

[0038] The hysteresis characteristic will be described with reference to FIG. 3. In 
FIG. 3, the horizontal axis shows the input current, and the vertical axis shows the output 
current. The input current is the current subject to measurement, and the output current is 
the value obtained by converting the output voltage detected by the hall element into the 
output current. When there is no hysteresis characteristic, the relationship between the 
input current and the output current is the direct proportion with an inclination of "1". 
However, as shown in FIG. 3, since there is the hysteresis characteristic, the relationship 
between the input current and the output current is not direct proportion with an inclination 
of "1". 

[0039] The input current and the output current are positive values when electric 
power is supplied from the nickel hydride battery 100, and are negative values when 
electric power is supplied to the nickel hydride battery 100. The configuration may be 
employed where the input current and the output current are negative values when electric 
power is supplied from the nickel hydride battery 100, and are positive values when 
electric power is supplied to the nickel hydride battery 100. 

[0040] As shown in FIG. 3, the state of the hysteresis when the state of the battery 
is switched from the charging state to the discharging state changes as follows; state (1) — » 
state (2) — > state (3) state (4). Namely, when the state is switched from the charging 
state (1) to the discharging state (3), and then is switched to the no load state (input is "0"), 
the effect of the remaining hysteresis is generated, as in the state (2) or state (4). The 
effect of the remaining hysteresis causes an error in the offset value. The remaining 
hysteresis fluctuates according to the latest current supply history. Also, the hysteresis 
characteristic varies from core to core. 

[0041] As shown in FIG. 4, when there are two cores having different hysteresis 
characteristics, for example, the characteristic A and the characteristic B, the remaining 
hysteresis H(l) is larger than the remaining hysteresis H(2). The hysteresis characteristic of 
the core having the characteristic A is unfavorable compared with that of the core having 
the characteristic B. Namely, when charging/discharging is repeated in the same manner, 
the core which has larger remaining hysteresis has more unfavorable hysteresis 
characteristic. 

[0042] Also, as shown in FIG. 5, when the charging/discharging current widths are 
different between the cores having the same characteristic, the hysteresis characteristics of 
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the cores are generally in the similar figures. Therefore, when charging/discharging is 
repeated in the region where the charging/discharging current value is small, the hysteresis 
A (1) shows a small loop. When relatively large volume of charging/discharging is 
repeated, the remaining hysteresis is small with respect to A (2). Namely, as shown in 
FIG. 5, when charging/discharging is repeated in the region where the charging/discharging 
current value is small, the remaining hysteresis is H(3). On the other hand, when 
charging/discharging is repeated in the region where the charging/discharging current value 
is relatively large, the remaining hysteresis is H(4). 

[0043] Thus, in the case where the offset value, which cannot be ignored when the 
ammeter 120 including the current sensor of a magnetic flux detection type is used, is 
calculated, by minimizing the effect of the hysteresis characteristic, it is possible to 
measure the accurate offset value. 

[0044] FIG 6 shows a table which is stored in the memory 600 of the battery ECU 
200 and which shows changes in constants according to the change in the temperature. 
The constants are used in the after-mentioned offset value calculating program. The 
temperature shown in FIG. 6 is the temperature of the ammeter 120 (core) body. The hall 
element has the temperature drift characteristic. In order to take the effect of the 
temperature drift characteristic into consideration, such a table is used. The ambient 
temperature may be used instead of the temperature of the core body. For example, the 
temperature of the nickel hydride battery 100, which is detected by the therminstor 110 
provided in the nickel hydride battery 100, may be used. As shown in FIG. 6, constants 
T_DIS, T_CHG, I_HYS_DIS and I_HYS_CHG are set for each temperature. The values 
of the constants are set in consideration of the characteristic of the core, 
charging/discharging control in the vehicle (current frequency distribution), and the like. 

[0045] The control structure of the offset value calculating program, which is 
performed by the battery ECU 200 that is the control device according to the embodiment, 
will be described with reference to FIG. 7 A and FIG. 7B. Hereafter, the discharging 
current is a positive value , and the charging current is a negative value in the description. 

[0046] In step (hereinafter, simply referred to as "S") 100, the battery ECU 200 
determines whether electric power whose amount is equal to or larger than a predetermined 
value is being supplied from the battery. The determination is made depending on 
whether the current value ib detected by the ammeter 120 is equal to or larger than the 
predetermined value IB_DIS. When it is determined that the current value ib detected by 
the ammeter 120 is equal to or larger than the predetermined value IB_DIS ("YES" in 
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S100), the process proceeds to SI 10. When a negative determination is made in SI 00 
("NO" in S100), the process proceeds to S140. 

[0047] The battery ECU 200 determines whether the discharging current is the 
hysteresis generation discharging current in SI 10. The determination is made whether the 
current value ib detected by the ammeter 120 is equal to or larger than a threshold value 
I_HIS_DIS shown in FIG. 6. When it is determined that the current value detected by the 
ammeter 120 is the hysteresis generation discharging current ("YES" in SI 10), the process 
proceeds to SI 20. When a negative determination is made in SI 10 ("NO" in SI 10), the 
process proceeds to SI 30. 

[0048] The battery ECU 200 resets the hysteresis non-generation discharging 
counter, and resets the hysteresis non-generation charging counter in SI 20. Both the 
hysteresis non-generation discharging counter and the hysteresis non-generation charging 
counter are provided in the battery ECU 200. The ECU 200 adds "1" to the counter value 
shown by the hysteresis non-generation discharging counter in SI 30. 

[0049] The battery ECU 200 determines whether electric power whose amount is 
equal to or larger than the predetermined value is being supplied to the battey in S140. 
The determination is made whether the current value ib detected by the ammeter 120 is 
equal to or smaller than the predetermined value IB_CHG. When it is determined that the 
current value ib detected by the ammeter 120 is equal to or smaller than the predetermined 
value IB_CHG ("YES" in S140), the process proceeds to SI 50. When a negative 
determination is made ("NO" in S140), the process proceeds to S180. 

[0050] The battery ECU 200 determines whether the charging current is the 
hysteresis generation charging current in S150. The determination is made whether the 
current value ib detected by the ammeter 120 is equal to or smaller than the threshold value 
I_HIS_CHG shown in FIG. 6. When it is determined that the current value detected by 
the ammeter 120 is the hysteresis generation charging current ("YES" in S 150), the process 
proceeds to SI 60. When a negative determination is made ("NO" in S150), the process 
proceeds to SI 70. 

[0051] The battery ECU 200 resets the hysteresis non-generation discharging 
counter, and resets the hysteresis non-generation charging counter in S160. The ECU 200 
adds "1" to the counter value shown by the hysteresis non-generation charging counter in 
S170. 

[0052] The battery ECU 200 determines whether the hysteresis is not generated in 
SI 80. The determination is made whether the counter value shown by the hysteresis non- 
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generation discharging counter is equal to or larger than the threshold value T_DIS shown 
in FIG. 6, and also the counter value shown by the hysteresis non-generation charging 
counter is equal to or larger than the threshold value T_CHG shown in FIG. 6. When it is 
determined that the counter value shown by the hysteresis non-generation discharging 
counter is equal to or larger than the threshold value TJDIS, and also the counter value 
shown by the hysteresis non-generation charging counter is equal to or larger than the 
threshold value T_CHG ("YES" in SI 80), the process proceeds to S190. When a 
negative determination is made ("NO" in SI 80), the process proceeds to S200. 

[0053] The battery ECU 200 sets the offset value learning permission flag to "ON" 
in SI 90. Namely, it is determined that the hysteresis is not generated. Therefore, the 
flag for permitting leaning of the offset value is set to "ON". 

[0054] The battery ECU 200 sets the offset value learning permission flag to 
"OFF' in S200. Namely, it is determined that the hysteresis is generated. Therefore, the 
offset value learning permission flag is not set to "ON", and calculation of the offset value 
is not permitted. The state of the offset value learning permission flag is stored in the 
memory 600. 

[0055] The battery ECU 200 determines whether the ignition switch is in the 
"OFF' state in S210. The determination is made according to the ignition switch signal 
which is input in the battery ECU 200. When it is determined that the ignition switch is 
in the "OFF' state ("YES" in S210), the process proceeds to S220. When a negative 
determination is made ("NO" in S210), the process returns to S100. 

[0056] The battery ECU 200 calculates the current value detected by the ammeter 
120 as the present offset value in S220. 

[0057] The battery ECU 200 determines whether the offset value learning 
permission flag is in the "ON" state in S230. When it is determined that the offset value 
learning permission flag is in the "ON" state ("YES" in S230), the process proceeds to 
S240. When a negative determination is made ("NO" in S230), the process ends. 

[0058] The battery ECU 200 sets the storage value to the present offset value 
calculated in S220 and stores it in the memory 600 in S240. 

[0059] Based on the above-mentioned configuration and the flowchart, the 
operation in the battery ECU 200 according to the embodiment will be described. 

[0060] When it is determined that the nickel hydride battery 100 is in the 
discharging state while the vehicle is running, and the current value ib during discharging, 
which is detected by the ammeter 120, is equal to or larger than the predetermined value 
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IB_DIS ("YES" in S100), and also the current value ib is smaller than the threshold value 
I_HYS_DIS ("NO" in SI 10), "1" is added to the counter value shown by the hysteresis 
non-generation discharging counter (SI 30). When the operation state of the vehicle is 
switched to the regenerative state, the state of the nickel hydride battery 100 is switched to 
the charging state. In this state, when the current value ib of the charging value detected 
by the ammeter 120 is equal to or smaller than the predetermined value IB_CHG ("YES" 
in S140), and the current value ib is larger than the threshold value I_HYS_CHG ("NO" in 
S150), "1" is added to the counter value shown by the hysteresis non-generation charging 
counter (SI 70). 

[0061] In this state, when the current value ib becomes equal to or larger than the 
threshold value I_HYS_DIS during discharging ("YES" in SI 10), both the hysteresis non- 
generation discharging counter and the hysteresis non-generation charging counter are 
reset (SI 20). When the current value ib becomes equal to or smaller than the threshold 
value LHYS_CHG during charging ("YES" in SI 50), both the hysteresis non-generation 
discharging counter and the hysteresis non-generatioin charging counter are reset (SI 60). 

[0062] When it is determined that the hysteresis is not generated ("YES" in SI 80), 
the offset value learning permission flag is set to "ON" (SI 90). Namely, when the 
counter value shown by the hysteresis non-generation discharging counter is equal to or 
larger than the threshold value T_DIS and also the counter value shown by the hysteresis 
non-generation charging counter is equal to or larger than the threshold value T_CHG, the 
offset value learning permission flag is set to "ON". 

[0063] When the vehicle is stopped and the ignition switch is turned "OFF" 
("YES" in S210), the present value of the offset value is calculated (S220). At this time, 
the current value under no load state is measured by the ammeter 120, and is calculated as 
the present offset value. When the offset value learning permission flag is in the "ON" 
state ("YES" in S230), the record value is set to the present offset value as the offset value 
and is stored in the memory 600 (S240). 

[0064] The operation will be described with reference to FIG. 8. In FIG. 8, the 
horizontal axis of the graph is the time base, the plus side in the vertical axis shows the 
discharging current value, and the minus side in the vertical axis shows the charging 
current value. As shown in FIG. 8, the offset value learning permission flag is set to 
"ON", when the current value is in the region where the hysteresis due to discharging can 
be ignored or in the region where the hysteresis due to charging can be ignore, and also the 
current value ib is changed from a negative value to a positive value, or from a positive 



15 

value to a negative value. Namely, when the current value ib during discharging is 
smaller than the threshold value I_HYS_DIS ("NO" in SI 10), "1" is added to the counter 
value shown by hysteresis non-generation discharging counter. When the current value ib 
during charging is larger than the threshold value I_HYS_CHG ("NO" in S150), "1" is 
added to the counter value shown by the hysteresis non-generation charging counter. This 
process is repeatedly performed at intervals of sampling time of 100ms. When the 
counter value shown by the hysteresis non-generation discharging counter becomes equal 
to or larger than the threshold value T_DIS and also the counter value shown by the 
hysteresis non-generation charging counter becomes equal to or larger than the threshold 
value T_CHG> while the process is repeatedly performed ("YES" in SI 80), the offset value 
learning permission flag is set to "ON". Namely, the hysteresis is not generated, and the 
offset value can be calculated. As shown in FIG. 8, this timing is shown as the offset 
value learning permission time. Namely, the fact that the state where the discharging 
current value ib (a positive value) is smaller than the threshold value I_HYS_DIS 
continues for the predetermined period, or the state where the charging current value ib (a 
negative value) is larger than the predetermined threshold value I_HYS_CHG continues 
for the predetermined time is used as the condition. When the discharging current value 
ib (a positive value) becomes equal to or larger than the threshold value I_HYS_DIS or the 
charging current value ib (a negative value) becomes equal to or smaller than the threshold 
value I_HYS_CHG during the period, the counter is reset. 

[0065] Thus, the battery ECU according to the embodiment of the invention 
monitors the current value during discharging and charging, and counts up the counter 
when the hysteresis is not generated. When the counter value becomes equal to or larger 
than the predetermined threshold value in the charging state or the discharging state, the 
offset value learning permission flag is set to "ON". Only when the offset value learning 
permission flag is in the "ON" state, the current value when the ignition switch is turned 
OFF is calculated as the offset value and is stored in the memory. It is possible to 
calculate a value close to the true current value based on the value actually measured by 
the current sensor by taking the offset value into consideration. As a result, by accurately 
calculating the offset value due to the hysteresis characteristic of the core under no load, it 
is possible to detect the current with high accuracy. 

[0066] Thus, the embodiment of the invention that has been disclosed in the 
specification is to be considered in all respects as illustrative and not restrictive. The 
technical scope of the invention is defined by claims, and all changes which come within 
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the meaning and range of equivalency of the claims are therefore intended to be embraced 
therein. 



